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1 Introduction
New work item on UL 64QAM was agreed in RAN#66 [1]. This contribution provides initial consideration on affected RF requirements for UL 64QAM.
2 Discussion
For UL 64 QAM, the affected requirements are specific to transmitter side. MPR, A-MPR and EVM requirements were identified in the WID, which need to be considered to define corresponding requirements.
MPR

For single carrier and inter-band CA, the power reduction for the maximum output power is determined by both MPR and A-MPR. Table 1 is copied from Table 6.2.3-1in TS 36.101. 
Table 1: Maximum Power Reduction (MPR) for Power Class 1 and 3
	Modulation
	Channel bandwidth / Transmission bandwidth (NRB)
	MPR (dB)

	
	1.4

MHz
	3.0

MHz
	5

MHz
	10

MHz
	15

MHz
	20

MHz
	

	QPSK
	> 5 
	> 4 
	> 8 
	> 12
	> 16
	> 18
	≤ 1

	16 QAM
	≤ 5 
	≤ 4
	≤ 8
	≤ 12
	≤ 16
	≤ 18
	≤ 1

	16 QAM
	> 5 
	> 4
	> 8
	> 12
	> 16
	> 18
	≤ 2


From this table, it can be seen that different modulation format could have different MPR values. Usually, the MPR values are derived from RF simulation with consensus assumptions. For UL 64QAM, MPR simulation is also needed. The PAPR values are expected to be different between 64QAM and 16QAM, which cause different non-linearity effects to the PA, and in turn require different power reduction to meet the spectrum requirements. 
For intra-band contiguous CA, MPR values are also derived from simulation. It can be seen in the specification that more aggregated RBs require more power reduction. 
A-MPR

To meet additional ACLR and spectrum emission requirements, NS signalling can be signalled by the network to indicate that the UE shall also meet additional requirements in a specific deployment scenario with additional Maximum Power Reduction (A-MPR). A-MPR is added to MPR directly for signal carrier and inter-band CA cases. However, for intra-band contiguous aggregation with the UE configured for transmissions within the aggregated channel bandwidth, only A-MPR is allowed when the applicable CA network signalling value is indicated by the IE additionalSpectrumEmissionSCell-r10, i.e. carrier aggregation MPR = 0dB. 
It is noted that which modulation schemes are utilized to derive A-MPR values for single carrier case is not specified in UE specification, while for intra-band CA, both QPSK and 16QAM are specified. Therefore, for UL 64QAM, we propose to run simulations of MPR for single carrier/inter-band CA cases and MPR/A-MPR for intra-band case.
Simulation assumptions for MPR/A-MPR are listed below:

· PA operating point: UTRAACLR1 = 33 dBc @ Pout = 22 dBm for 100RB QPSK signal
· Modulator IQ imbalance = 25 dBc
· Modulator carrier leakage = 25 dBc

· Modulator C_IM3 = 60 dBc

For A-MPR simulation, additional spectral requirements in specified frequencies shall be considered in addition to normal SEM, ACLR and spurious emission requirements.
Besides simulation, measurement results on MPR/A-MPR would be helpful to define the final requirements.
Error Vector Magnitude
Regarding EVM requirement, the values are the same for both single carrier and carrier aggregation for different modulation schemes in current specification. The same method can also be used for UL 64QAM.

Specifically, to define EVM requirement, two aspects need to be considered. One aspect is that the defined EVM shall meet the required SNR value to guarantee the system performance. The other aspect is to balance the feasibility of implementation.
The whole system performance is determined by both UE and BS sides. The total EVM can be modeled as
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In current specifications, we don't have specified UE or BS Rx EVM requirements. During the study of 256QAM, the identified Rx impairments factors include RX local oscillator phase noise, RX dynamic range, I/Q imbalance, carrier leakage and carrier frequency offset. It is well known that the BS has better implementation capability than that of UE, in other words, it means BS has better equivalent Rx EVM requirement than UE. It is noted that 8% EVM is already defined for 64QAM in BS side, which means this value can meet the required SNR value for a system supporting 64QAM even with relative worse UE Rx performance. Then the issue is to check the implementation capability of UE to support UL 64QAM. 
3 Conclusion
RF requirements affected by introduction of UL 64QAM are discussed in this contribution, which include MPR, A-MPR and EVM requirements. Methodology to study these requirements are discussed as well, which can be considered as guidance for further study of specific requirements for UL 64QAM.
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